Purpose: To evaluate the efficacy, safety, and reinjection interval of dexamethasone intravitreal implant (DEX implant) in branch retinal vein occlusion and central retinal vein occlusion patients receiving $2 DEX implant treatments.
R
etinal vein occlusion (RVO) is a common retinal vascular disease associated with vision loss. 1 Central retinal vein occlusion (CRVO) has a lower prevalence than branch retinal vein occlusion (BRVO) but is often associated with worse visual outcomes. 1 Macular edema is a frequent complication and cause of vision loss in both BRVO 2 and CRVO. 3 Early initiation of treatment for macular edema secondary to RVO results in better visual outcomes and limits irreparable retinal damage. 4, 5 Until recently, laser photocoagulation has been standard care for macular edema in BRVO, where it has been shown to improve visual acuity. 6 Observation has been standard care for macular edema in CRVO, as laser photocoagulation decreases macular edema in CRVO but typically does not improve visual acuity. 7, 8 Options for treatment of macular edema associated with RVO have expanded in the past few years, as intravitreal corticosteroid treatment [9] [10] [11] and intravitreal treatment targeted against vascular endothelial growth factor (VEGF) [12] [13] [14] have been shown to effectively reduce macular edema and help improve visual acuity after BRVO and CRVO. Phase 3 clinical trials typically evaluate the therapeutic efficacy of a single pharmacologic agent. In practice, multiple intravitreal treatments with corticosteroids and/or anti-VEGF agents may be required for optimal outcomes in macular edema secondary to RVO. The algorithms, timing, and number of treatments used by physicians in the context of routine patient care are not yet well defined.
Sustained-release dexamethasone intravitreal implant (DEX implant; Ozurdex; Allergan, Inc, Irvine, CA) is composed of a biodegradable copolymer of polylacticco-glycolic acid containing micronized dexamethasone. 10 Dexamethasone is slowly released from the implant over several months as the copolymer matrix degrades to lactic acid and glycolic acid, which are metabolized to water and carbon dioxide. 15 In an early study, DEX implant treatment of persistent macular edema attributable to various causes, including RVO, provided significant improvements in best-corrected visual acuity (BCVA), macular thickness, and fluorescein leakage compared with observation. 16 Subsequently, 2 identical, randomized, sham-controlled 6-month clinical trials demonstrated that a single treatment with DEX implant 0.7 mg was well tolerated and significantly improved BCVA and anatomical outcomes compared with sham treatment in patients with BRVO and CRVO. 10 In an open-label extension of the 6-month study, safety and efficacy results were similar after a second DEX implant injection, although an increase in cataract progression was noted.
11
Dexamethasone intravitreal implant 0.7 mg was approved by the United States Food and Drug Administration in June 2009 for the treatment of macular edema after BRVO and CRVO. This retrospective chart review study examined the subsequent use of DEX implant 0.7 mg in clinical practice in the United States in a "real-world" setting. In the Phase 3 clinical studies, patients were given 1 or 2 DEX implant treatments.
The purpose of the present study was to report the efficacy, safety, and reinjection interval of DEX implant 0.7 mg in the treatment of macular edema secondary to RVO in patients receiving 2 or more DEX implant treatments in the course of routine clinical care.
Methods
In this retrospective, multicenter, open-label Phase 4 clinical study, patients who were treated with multiple injections of DEX implant for macular edema secondary to RVO at 26 sites in the United States were identified by review of patient charts from June 2009 through February 2012. The study was conducted in compliance with the International Conference on Harmonisation Guideline for Good Clinical Practice and the Health Insurance Portability and Accountability Act. Institutional review board/ethics committee approval was obtained at each investigational site, and all patients provided written informed consent. The study is registered with the identifier NCT01411696 at ClinicalTrials.gov.
The study included patients at least 18 years of age diagnosed with macular edema secondary to RVO in the study eye, who had received at least 2 intravitreal injections of DEX implant 0.7 mg in the study eye and who had follow-up data available at a minimum of 3 months after the latest DEX implant injection. The key patient exclusion criterion was previous treatment with DEX implant as part of or during a clinical study. Procedures and intravitreal injections, in addition to DEX implant injections, for treatment of RVOassociated macular edema were allowed. If both eyes of a patient met the study eligibility criteria, the eye with the greatest number of DEX implant injections was designated as the study eye.
Dexamethasone intravitreal implant 0.7 mg was placed in the vitreous with a single-use applicator system in an office procedure. 17 Efficacy and safety data were collected from patient charts for all visits from the time of the first DEX implant injection (baseline visit) through a minimum of 3 months and up to a maximum of 6 months after the last DEX implant injection. These data included Snellen BCVA, optical coherence tomography, fluorescein angiography, intraocular pressure (IOP), concomitant IOP-lowering medications, biomicroscopy, ophthalmoscopy, cataract or glaucoma surgeries, DEX implant injections, other intravitreal injections or procedures for treatment of RVO-associated macular edema, and adverse events. The assessments of BCVA and other parameters were not standardized. Demographic data and medical and ophthalmic history were obtained from records of the baseline visit.
The primary efficacy endpoint was the mean change in BCVA (number of lines) from baseline at 4 weeks to 20 weeks after the last DEX implant injection. If more than one assessment of BCVA was made during that period, the BCVA demonstrating the greatest improvement from baseline (peak effect) was used in the analysis. Key secondary efficacy endpoints included the percentage of patients with at least 2-line improvement in BCVA from baseline, the percentage of patients with at least 3-line improvement in BCVA from baseline, and the change in central retinal thickness from baseline by optical coherence tomography. For the latter analysis, baseline central retinal thickness was defined as the last value measured on or before the day of the first DEX implant injection. Key safety measures included adverse events and IOP.
All data analyses were based on observed values with no imputation of missing values. The method described by Gregori et al 18 was used to convert Snellen visual acuity measurements to approximate Early Treatment Diabetic Retinopathy Study (ETDRS) letter scores for analysis. Changes in BCVA and central retinal thickness from baseline were evaluated with paired t-tests. Peak effect was defined as the maximum BCVA or the minimum optical coherence tomography value for central retinal thickness.
Post hoc subgroup analyses of key baseline, efficacy, and safety parameters for BRVO and CRVO patients were conducted to evaluate any differences based on disease entity. Additional analyses included tabulation and summary of the number of injections. SAS version 9.2 (SAS Institute Inc, Cary, NC) and a 2-sided alpha level of 0.05 were used for the statistical analyses.
Results

Study Population
A total of 289 patients satisfied the eligibility criteria for study entry. Of these, 157 (54.3%) were diagnosed with BRVO and 132 (45.7%) were diagnosed with CRVO. The demographics and baseline characteristics of the subgroups of patients with BRVO and CRVO were similar and are listed in Table 1 . Overall, the mean age of the patients was 71.9 years, and over half (57.4%) were women. Race and ethnicity information was recorded on about half of the charts; most of the patients with data available were white and nonHispanic. Almost one third of the patients (31.5%) had glaucoma or ocular hypertension at baseline, and 15.6% had a history of IOP elevation in response to steroid treatment documented in their charts at baseline. Thirty-seven patients (12.8%) had a history of pars plana vitrectomy at baseline.
The macular edema associated with RVO diagnosis had a mean duration of 18.4 months (median duration of 8.2 months, range from 0 to 150.2 months) at baseline. The mean time between diagnosis of RVO-related macular edema and the first DEX implant treatment was 20.1 months in BRVO patients and 16.4 months in CRVO patients (Table 1) . Ischemia was reported in 30.4% of the study eyes at baseline. Most of the patients (85.8%) had been treated previously; only 13.5% were treatment naive and had not received intravitreal or laser treatment for RVOassociated complications before the first DEX implant injection. The previous treatments received by patients are listed in Table 2 . Among all patients, 38.8% had undergone focal and/or panretinal laser photocoagulation, 70.9% had received intravitreal anti-VEGF treatment, and 39.8% had received intravitreal triamcinolone treatment before beginning DEX implant treatment.
Dexamethasone Intravitreal Implant Treatment
The mean (SD) period for data collection (from the time of the first DEX implant injection to up to 6 months after the last DEX implant injection) was 1.2 (0.5) years. Patients were administered at least 2 and up to 9 intravitreal injections of DEX implant during this period. The mean (SD) number of DEX implant treatments given to patients was 3.2 (1.5) for the total patient population, 3.2 (1.4) for the BRVO subgroup, and 3.2 (1.5) for the CRVO subgroup. Most patients received two to four DEX implant injections. As only 10 patients received 7 or more DEX implant injections, data for 7, 8, and 9 injections are reported as text on Figures 1 and 2 . Based on the mean number of days between DEX implant injections for each patient, the mean reinjection interval between DEX implant treatments was 5.6 months, and the median time between DEX implant treatments was 4.9 months (Table 3) . Overall, 68.5% of patients had a mean interval between DEX implant injections of 4 months to 6 months.
Efficacy
The mean (SD) peak change in BCVA from baseline at 4 weeks to 20 weeks after the final DEX implant injection was an improvement of 1.0 (3.5) line (equivalent to 5 ETDRS letters; primary efficacy endpoint, P , 0.001). Mean (SD) peak changes in BCVA from baseline at 4 weeks to 20 weeks after the first, second, third, fourth, fifth, and sixth DEX implant injection (and before the next injection) were also statistically significant (P # 0.037) and corresponded to improvements of 1.6 (2.9), 1.2 (3.4), 1.4 (3.2), 1.2 (3.2), 1.1 (3.2), and 2.9 (3.2) lines, respectively. Figure 1 shows the percentage of patients with at least 2-or 3-line improvement in BCVA from baseline after intravitreal injection of DEX implant. The percentage of patients responding to treatment with at least 2-or 3-line improvement in BCVA from baseline was similar after each DEX implant injection. After the first to sixth DEX implant injections, at least 2-line improvement in BCVA from baseline was seen in 38.5% to 55.6% of patients, and at least 3-line improvement in BCVA from baseline was seen in 30.4% to 50.0% of patients. Overall, 62.9% of patients demonstrated at least 2-line improvement in BCVA from baseline and 48.1% of patients demonstrated at least 3-line improvement in BCVA from baseline at some point after DEX implant treatment. Subgroup analysis showed similar results for BRVO and CRVO patients, with at least 2-line improvement in BCVA from baseline seen in 59.7% of BRVO patients and 66.7% of CRVO patients during the study period. After the first through sixth DEX implant injections, 46.8% to 55.6% of BRVO patients and 26.3% to 55.6% of CRVO patients had at least 2-line improvement in BCVA from baseline, whereas 27.9% to 44.4% of BRVO patients and 20.6% to 55.6% of CRVO patients had at least 3-line improvement in BCVA from baseline. The mean (SD) baseline central retinal thickness for all patients with baseline data available (n = 247) was 438 (182) mm. The mean central retinal thickness improved from baseline after the first DEX implant injection (P , 0.001) and was similarly improved from baseline after the second, third, fourth, fifth, and sixth DEX implant injections (P # 0.002, Figure 2 Overall, use of intravitreal anti-VEGF agents, intravitreal triamcinolone, and laser photocoagulation treatments for RVO-associated macular edema was reduced after the initiation of DEX implant treatment (Table 2) . Laser procedures for treatment of complications of RVO were performed in 38.8% of patients before DEX implant treatment and 24.9% of patients after the first DEX implant injection. The percentage of patients who were given anti-VEGF treatment was also reduced, from 70.9% before DEX implant treatment to 64.4% after the first DEX implant injection. The mean (SD) number of anti-VEGF injections received by patients was 3.4 (4.7) before DEX implant treatment and 1.9 (2.2) after the first DEX implant injection. Among the 186 patients who were treated with intravitreal anti-VEGF therapy after beginning DEX implant treatment, the mean (SD) interval between the first DEX implant injection and the next anti-VEGF injection was 180 (125) days. The interval was .90 days for 81.2% of the patients and .180 days for 39.8% of the patients (Table 4) .
Safety
Treatment-related adverse events were reported for 24.6% (71/289) of the patients. There were no deaths and no serious adverse events related to treatment. Increases in IOP and cataract progression were the only treatment-related adverse events with an incidence of 2% or higher.
Among all patients, 32.6% had an increase in IOP from baseline of at least 10 mmHg, 33.7% had IOP of 25 mmHg or higher, and 9.4% had IOP of 35 mmHg or higher at 1 or more visits during the study period (Table 5 ). Increases in IOP were more likely in patients with a history of IOP response to steroid treatment. For example, postbaseline IOP of 25 mmHg or higher was reported in 44.4% (20/45) of patients with a history of IOP response to steroid treatment versus 31.1% (52/167) of patients with no such history. During the study period, 139 patients (48.1%) used IOPlowering medication, including 70 patients (24.2%) with glaucoma or ocular hypertension who were using IOP-lowering medication at baseline before the first DEX implant, and 69 patients (23.9%) who first began use of IOP-lowering medication during the study. 
DEXAMETHASONE INTRAVITREAL IMPLANT: RVO CAPONE ET AL
Dexamethasone intravitreal implant treatment was considered by the investigator to be the reason for use of an IOP-lowering medication in 84 patients (29.1%), including 33 patients (11.4%) who were using IOP-lowering medication at baseline but required a change in therapy, and 51 patients (17.6%) who initiated IOP-lowering medication during the study. Four patients (1.4%) underwent glaucoma laser surgery and 5 (1.7%) underwent glaucoma incisional surgery during the study period (Table 5) . Seven of these patients had been diagnosed with glaucoma or ocular hypertension and were using IOP-lowering medication before beginning DEX implant treatment. The mean (SD) change in IOP from baseline at the final visit (3-6 months after the last DEX implant injection) was 0. (Table 5) . Forty-six patients underwent cataract surgery during the study period. The mean (SD) age of these patients was 67.2 (8.7) years. Of these patients, 85% (39/46) had lens opacity at baseline; the baseline opacity was Grade 2 in 22 patients (48%) and Grade 3 in 6 patients (13%). 
Discussion
In this retrospective case series, treatment of eyes with macular edema secondary to RVO with two or more injections of DEX implant had favorable visual and anatomical outcomes. Eyes treated with DEX implant had a mean improvement in BCVA from baseline of 1 line (equivalent to 5 EDTRS letters) at the last examination from 3 months to 6 months after the final DEX implant injection (P , 0.001). The effect of repeated DEX implant treatments on BCVA was consistent and demonstrated durability over repeat injections. After each of the first 6 injections of DEX implant, 46% of eyes had at least 2 lines and 34% had at least 3 lines of improvement in BCVA from baseline. Each treatment with DEX implant also produced similar significant mean reductions in central retinal thickness measured by optical coherence tomography. The anatomical improvements in central retinal thickness in individual patients were not always associated with improvements in BCVA, perhaps because of ischemia and irreversible tissue damage caused by a long duration of edema before DEX implant treatment. These results are consistent with previous reports of only a modest correlation between visual and anatomical outcomes after the treatment of persistent macular edema associated with RVO and other conditions. 19 The efficacy demonstrated by DEX implant in this real-world study was comparable with that shown in the GENEVA Phase 3 clinical studies of DEX implant for macular edema after RVO. 10, 11 In the Phase 3 studies, the cumulative response rate in achieving at least 3-line improvement in BCVA during the 6 months after the initial treatment with DEX implant was 41%, 10 and similar improvements in BCVA were seen after a second injection of DEX implant in the open-label study extension. 11 Decreases in central retinal thickness were also significant and similar after the first and second DEX implant treatments in the Phase 3 studies. 11 In the present study, subgroup analysis by type of RVO (BRVO or CRVO) showed improvements in visual acuity and reduction in macular edema after each DEX implant treatment regardless of the diagnosis. Similarly in the Phase 3 studies, visual acuity improved after DEX implant treatment of macular edema associated with either BRVO or CRVO, although the mean improvement was slightly greater and the improvement was better sustained in eyes with BRVO. 10 There were no unexpected safety findings in the study. The treatment-related adverse events recorded in patient charts were consistent with the known safety profile of DEX implant treatment. The most frequent adverse effects of treatment were increases in IOP and cataract progression. Cataract surgery was performed during the study period in 46 patients at the discretion of the patient and physician, although 28 (61%) had lens opacity recorded as Grade 2 or higher at baseline. The relationship between DEX implant treatment and the need for cataract surgery could not easily be determined from the patient charts.
Previous clinical studies have shown that when IOP increases occur after DEX implant injections, they are usually transient, moderate in severity, and readily managed with IOP-lowering medication. 10, 11 In the present study, at the time of their first DEX implant treatment, almost one third of the patients (31.5%) had preexisting glaucoma or ocular hypertension, and 24.2% of the patients were using IOP-lowering medication. This finding was not unexpected because glaucoma and ocular hypertension are known risk factors for RVO.
1 Furthermore, 15.6% of the patients had a documented history of IOP elevation in response to steroid treatment. These patients with a history of IOP response to steroid, as well as any patients using two or more IOP-lowering medications in the study eye, would have been excluded from the Phase 3 study of DEX implant treatment in RVO. 10, 11 Despite the inclusion of these patients, the rate of occurrence of increases in IOP in this study was similar to that in the Phase 3 study: 32.8% of eyes treated with 2 DEX implants had at least a 10-mmHg increase in IOP at some point in the 1-year Phase 3 study compared with 32.6% of study eyes in this study. Intraocular pressurelowering medication was used to treat IOP increases associated with DEX implant treatment in 29.1% of patients in this study. Over 90% of the patients had controlled IOP of 21 mmHg or less at the final visit, 3 months to 6 months after the last DEX implant treatment, and only 1.7% of patients underwent glaucoma incisional surgery during the study. Most of the patients who had this surgery (4 of 5) had been diagnosed with glaucoma or ocular hypertension before their first DEX implant treatment.
The acceptable safety profile of two or more DEX implant injections in this study is consistent with recent reports of a case study 20 and a small case series 21 in which patients received multiple injections of DEX implant. Additional preliminary studies also identified few ocular safety concerns with repeat administration of DEX implants, and a low incidence of ocular hypertension and cataracts was reported after retreatment with DEX implant at average intervals of 20 weeks to 23 weeks ( The baseline patient characteristics in this retrospective chart review may suggest a difficult-to-treat patient population because of the duration of edema and the number of previous RVO treatments. Almost all of the patients had been treated previously for complications of RVO. Recent reports suggest that patients with macular edema associated with BRVO 12, 22, 23 and CRVO 4,13 respond better to early treatment initiated soon after the emergence of symptoms, yet patients in this study had RVO of long duration; the mean interval from the diagnosis of RVO to the first DEX implant injection was 18.4 months. In addition, ischemia at baseline was recorded for 30% of the patients, and the mean baseline BCVA in the patients with CRVO was only 20/160. Both ischemia and poor visual acuity at baseline are known to lead to worse visual outcomes in treating RVO. 2, 24 The use of other intravitreal therapies and procedures for macular edema was reduced after beginning DEX implant treatment, and approximately one third of patients (29.1%) received only DEX implant monotherapy. Although two thirds of the patients (64.4%) received 1 or more injections of anti-VEGF therapy during the study period, the mean number of anti-VEGF injections decreased from 3.4 to 1.9 after beginning DEX implant treatment. The mean time to the first anti-VEGF treatment after the initial DEX implant injection was 6 months. These results indicate that in most cases, DEX implant treatment was used concomitantly with other treatments in this study population with chronic, difficult-to-treat RVO-related macular edema. Consistent with the results of this study, sequential treatment with anti-VEGF bevacizumab and DEX implant was recently shown to be effective in improving visual acuity and macular thickness in a prospective interventional case series of patients with RVO. 25 In the present study, use of other intravitreal corticosteroid (triamcinolone) was greatly reduced after the start of DEX implant treatment, and intravitreal triamcinolone was given to just 3.1% of the patients during the study period. Notably, the patient selection procedure for the study required that patients be treated with at least two injections of DEX implant. Patients who regained lost vision and whose macular edema resolved after receiving a single DEX implant injection would not have been included in the chart review.
As this study was a retrospective chart review of patients seen in actual practice, study limitations included the lack of randomization and the open-label treatment. The data collected for each patient varied based on the number of DEX implant injections received and the frequency and duration of follow-up, and information that could be useful was not always included on the patient chart. A minimum follow-up of longer than 3 months after the last DEX implant may have been preferable. Also, there was no standardization of assessments, and only the adverse events recorded on the patient charts were identified. Adjunctive treatments were allowed and must be acknowledged in the interpretation of the results. However, the study had the advantage that the study population was more inclusive than the study populations in previous large controlled studies of DEX implant and included both real-world treatment patterns and patients with complicated histories and comorbidities.
In summary, the results of this study demonstrate that the clinical use of two or more DEX implants, either alone or in combination with common adjunctive RVO treatments, is safe and effective in the treatment of macular edema after RVO. Decreases in macular edema and improvements in visual acuity continued to be seen after each subsequent DEX implant injection, and no new safety concerns developed after use of multiple implants.
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